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We have developed a yeast model system to address transcrip-
tional repression by the retinoblastoma protein (pRB). When fused
to the DNA-binding domain of Gal4p (DB-pRB), pRB can repress
transcription of reporter genes containing Gal4p binding sites; the
histone deacetylase activity encoded by yeast RPD3 is required for
DB-pRB repression. Mutation of the LXCXE binding cleft in pRB, a
region reported to be required for histone deacetylase recruitment,
does not interfere with pRB-mediated repression. From these
findings based on yeast experiments, we surmise that the small
pocket region of pRB must contain an additional domain that
confers histone deacetylase-dependent transcriptional repression.
This hypothesis was verified by experiments examining pRB-
dependent histone deacetylase association in mammalian cells. In
addition to RPD3, repression by pRB in yeast requires MSI1, an
ortholog of RbAp48, but not SIN3 or SAP30. By comparing the
genetic requirements of DB-pRB repression in yeast to those of
other DB-repressor fusions, we can suggest a mechanism by which
pRB recruits histone deacetylase activity.

S ince the discovery that the retinoblastoma protein could act
as a transcriptional repressor (1–5), it has been of consid-

erable interest to determine the mechanism by which this
repression occurs. Several reports have indicated that retino-
blastoma protein (pRB) can repress transcription by recruiting
class I histone deacetylases (HDAC1, HDAC2, and HDAC3;
refs. 6–9). However, other mechanisms of repression have been
suggested and the relative contribution of different corepressors
to pRB function remains unresolved (10–12).

The manner by which pRB recruits class I HDACs remains a
topic of controversy. In one model, deacetylase recruitment
occurs by direct interaction between pRB and HDAC1 or
HDAC2 by means of the IXCXE motif present in the deacetylase
(8). Many pRB-binding partners contain LXCXE or IXCXE
motifs. This model does not account for recruitment of HDAC3,
which does not have such a motif. Other experiments indicate
that RBP1, an LXCXE-containing protein identified by virtue of
its ability to interact with pRB (13, 14), is an intermediary in the
interaction between pRB and HDAC (9). More recently, RBP1
has been identified as a component of the mSIN3A complex,
indicating that pRB recruits the entire complex by virtue of its
interaction with RBP1 (15). Both models would predict that
mutation of the LXCXE binding cleft in pRB would abrogate
HDAC interaction and possibly transcriptional repression. This
prediction has been tested in three recent studies (16–18). pRB
alleles deficient in LXCXE binding retain at least some ability
to repress transcription in all three reports. However, different
conclusions were reached concerning HDAC interaction. In one
report, the pRB cleft mutants retained HDAC binding (18),
whereas that interaction was shown to be reduced or lost in the
two other reports by using similar pRB alleles (16, 17). The
reasons for these discrepancies are not known. A fundamental
difficulty with this analysis has been that it is not possible to
assess cleanly the role of individual corepressor molecules
because mammalian cells lacking these proteins do not exist.

The use of yeast as a model system for understanding the
mechanisms by which heterologous transcriptional activators
function has been both widespread and productive. The success
of these experiments undoubtedly relies in large part on the high
degree of conservation of basal transcription machinery between
yeast and higher organisms. A large percentage of heterologous
activators function in yeast, and experimental evidence suggests
that they promote transcription in a mechanistically similar
manner in both yeast and their endogenous organism (19–28).
Transcriptional repressors have been tested to a much lesser
extent.

We reasoned that if pRB could repress transcription in yeast,
this genetically tractable system could be used to define the
mechanism of pRB action. Because many mSIN3A components
are conserved from yeast to humans, we can determine their
relative contributions by testing pRB-mediated repression in
strains bearing single gene deletions of each component. From
this analysis, we show that pRB represses transcription in yeast
when targeted to promoters by fusion to the DNA-binding
domain (DB) of Gal4. This repression requires intact RPD3, the
yeast ortholog of class I HDACs, and also MSI1, a potential
ortholog of RbAp48. However, repression is not mediated
through the LXCXE-binding cleft in pRB, indicating that the
protein contains at least a second contact site within the pRB
small pocket for recruiting histone deacetylase.

Materials and Methods
Yeast Strains and Plasmids. The yeast strain MaV103 has been
described (29); all yeast deletions were created and analyzed in
this strain background. pPK104 was kindly supplied by P.
Kaufman (Univ. of California, Berkeley, CA) and used to create
Dmsi1::hisG (30). Dsin3::TRP1 and Drpd3::URA3 were created
by g-deletion with described plasmids (31, 32). Drpd3::TRP1 was
derived from Drpd3::URA3 with selectable marker replacement
(33). The Dume6::LEU2 construct was generously provided by K.
Struhl (Harvard Medical School, Boston) (34). Dcac2::TRP1,
DSAP18yAPG16::TRP1, Dsap30::TRP1, Dhda1::TRP1, and
Dume1::TRP1 strains were created with PCR-based disruption
techniques. All PCR-based disruptions remove the entire ORF
of the gene of interest. All gene deletions were confirmed
by PCR.

The rpd3 mutant alleles, H150AyH151A and H188A, were
graciously provided by D. Kadosh (Harvard Medical School,
Boston) and K. Struhl (35). DB-pRB (amino acids 302–928),
DB-pRBD22 (amino acids 289–928, missing exon 22), DB-
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pRBD300 (amino acids 289–301 and 395–928), DB-p107, and
DB-p130 have been described (36). The RB9 allele has been
described (18) and contains the following amino acid changes:
I753A, N757A, and M761A. A cDNA for PML was provided by
K. S. Chang (Univ. of Texas, M. D. Anderson Cancer Center,
Houston). DB-Mad and DB-PML were created by fusing the
entire ORF of the respective genes to the sequence encoding
Gal4p DB (amino acids 1–147) in plasmid pPC97 (29).

Western Blot Analysis. Yeast cells were grown to mid-log phase in
selective media, harvested, washed, and resuspended in 200 ml of
breaking buffer (100 mM TriszHCl, pH 8.0y20% glyceroly1mM
EDTAy0.1% Triton X-100y5 mM MgCl2y10 mM b-mercapto-
ethanoly1 mM phenylmethylsulfonyl f luoride plus protease in-
hibitors). Glass beads (50–75 ml) were added and cells were
vortexed at 4° for 10 min. Debris was removed by centrifugation,
and 100 mg of remaining cell extract was separated by electro-
phoresis in SDSygels. Blots were probed with the a-pRB anti-
body XZ105 (29).

b-Galactosidase Assays. All b-galactosidase assays were per-
formed according to standard techniques (37). All experiments
were repeated multiple times. The units of activity are presented
as [A400y(A600 3 time in min)] 3 1,000. All assays were
conducted on cells freshly transformed with the reporter plasmid
pRS314–17d80lacZdNeo, which was generated and kindly pro-
vided by R. Morse (Wadsworth Center, Albany, NY) (38).

Immunoprecipitation. pRB and HDAC expression constructs were
transfected into C33A cells as described (18). Immunoprecipi-
tations were also carried out as previously reported.

Results and Discussion
The yeast two-hybrid strain MaV103 was used in this study (29)
and contains a deletion of GAL4 and an integrated HIS3
reporter gene under the control of Gal4p binding sites
(GAL1::HIS3) (Fig. 1A). The transcriptional levels of
GAL1::HIS3 correlate closely with the levels of resistance to the
His3p inhibitor 3-aminotriazole (3-AT) in MaV103 (29). For
example, MaV103 cells that express wild-type Gal4p form
colonies in 2–3 days on plates containing 3-AT concentrations up
to 150 mM. In contrast, cells that express the DB of Gal4p in the
absence of any activation domain take 5 days to form colonies
in the presence of 10 mM 3-AT. This background growth is
caused by the basal level of expression of GAL1::HIS3 and
provides an assay for potential repressors fused to DB.

There are no yeast ORFs that bear significant homology to
pRB family members, and heterologous expression of the human
pRB protein does not alter the yeast growth rate (39). However,
pRB expressed in yeast is subject to cell cycle dependent
phosphorylation by yeast CDKs (39) and is capable of interacting
with mammalian binding partners such as E2F subunits (29),
suggesting that it is not functionally impaired. By targeting pRB
to a yeast reporter, we reasoned that it might be possible to
address the mechanism by which pRB confers repression in a
genetically tractable system. The large pocket domain of pRB
(amino acids 302–928) was fused to DB (DB-pRB) and ex-
pressed in MaV103 cells from the monocopy vector pPC97 to
maintain low expression levels. This large pocket domain of pRB
is known to contain the sequences necessary for pRB-mediated
repression in mammalian cells (5, 40). Compared with cells that
express only DB, MaV103 cells expressing DB-pRB display little
or no growth at 10 mM 3-AT levels after a 5-day incubation (Fig.
1B), indicating that DB-pRB can repress transcription of the
GAL1::HIS3 reporter gene. Similar results were seen when the
entire ORF of pRB was fused to Gal4DB (data not shown).
Likewise, two other pRB family members, p107 and p130, inhibit

colony growth when fused to DB, indicating that they also can
repress transcription in yeast (Fig. 1B).

To test the relevance of this assay, we used a tumor-derived
pRB mutant missing exon 22 (pRBD22), which is defective in
transcriptional repression in mammalian assays (41). Unlike
DB-pRB, DB-pRBD22 is unable to repress transcription of
GAL1::HIS3 (Fig. 1C), although DB-pRB and DB-pRBD22
are expressed to the same extent in MaV103 cells (29). In the
course of these experiments, we also observed that an N-
terminally truncated allele of pRB large pocket lacking resi-
dues 302–394 (DB-pRBD300) is more potent than DB-pRB in
its ability to repress transcription. The domain deleted in
DB-pRBD300 contains several potentially inhibitory cyclin-
dependent kinase (CDK) phosphorylation sites. It is possible
that these sites can be phosphorylated by yeast CDKs, thus
limiting DB-pRB’s transcriptional repression activity.

Fig. 1. pRB family members repress transcription in yeast. (A) Two reporters
were used in the majority of repression assays. In the reporter used for growth
assays, the UAS region from the HIS3 promoter is replaced with a region from
the GAL1 promoter containing multiple Gal4p-binding sites (14). The reporter
plasmid pRS314–17d80lacZdNeo (Lower) was used for all quantitation assays
(19). (B) pRB family members repress transcription of the GAL1::HIS3 reporter.
Strain MaV103 was transformed with ARS-CEN plasmids expressing DB, DB-
pRB, DB-p107, and DB-p130 and assayed for growth on either nonselective
media (SD, 2Leu) after 3 days or selective media (SD, 2Leu, 2His, 10 mM 3-AT)
after 5 days. All growth assays were repeated several times with identical
results. (C) Mutant alleles of pRB confer different levels of repression. Repres-
sion was assayed on SD, 2Leu, 2His, 10 mM 3-AT after 5 days. (D) pRB represses
transcription in quantitative assays. All b-galactosidase assays were per-
formed according to standard techniques. Activity units are presented as
[A400y(A600 3 time in minutes)] 3 1,000. Data generated are the mean result
and standard deviation of five independent cultures from one experiment
including each DB construct. These results are representative of several inde-
pendent experiments.
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To quantify DB-pRB repression, we used an episomal reporter
with Gal4p-binding sites controlling the expression of lacZ (38)
(Fig. 1 A). Expression of DB-pRB reduces the b-galactosidase
activity generated from this reporter approximately 3-fold,
whereas that of DB-pRBD300 confers an 8-fold reduction (Fig.
1D). This experiment shows that pRB can repress transcription
from multiple yeast reporter genes. Furthermore, expression of
pRB alone does not confer repression, indicating that fusion to
the DB of Gal4p and subsequent targeting to the reporter is
required for pRB activity.

Several reports have concluded that pRB can repress tran-
scription at least in part by recruiting mammalian class I histone
deacetylases (6–8). Because human HDAC1 is 60% identical to
yeast Rpd3p, we reasoned that pRB-dependent repression in
yeast might be mediated through recruitment of RPD3. Binding
to HDAC is reported to be mediated through the LXCXE-like
sequences present in HDAC1 and HDAC2 or indirectly with the
LXCXE-containing protein RBP1 serving as an intermediary.
Therefore, we tested whether an allele of pRB with a dysfunc-
tional LXCXE-binding cleft retains the ability to repress tran-
scription in yeast. Cells expressing DB-pRBLP (DB-pRB Large
Pocket, amino acids 379–928) or DB-pRB9LP, which fails to
interact with viral LXCXE-containing proteins (Fig. 2A) were
tested for growth on SD, 2His media containing 10 mM 3-AT
(Fig. 2 A). We find that both constructs reduce growth to an
equal extent, suggesting that pRB-mediated repression in yeast
does not require a functional LXCXE binding cleft. Further,
DB-pRBSP (amino acids 379–792), which contains the minimal
sequences necessary for repression in mammalian cells, represses
transcription in yeast. Mutation of the LXCXE-binding cleft
does not block repression. Similar results were obtained by using

b-galactosidase assays to measure expression from the lacZ
reporter (data not shown). Therefore, we conclude that in yeast,
pRBSP must contain another motif sufficient to confer tran-
scriptional repression. Consistent with this finding, yeast RPD3
does not have an LXCXE sequence, and there are no yeast
proteins that bear resemblance to RBP1.

We then tested whether repression by pRB in yeast occurs
through histone deacetylase recruitment. The yeast RPD3 gene
was deleted in MaV103 (Drpd3), and growth on 10 mM 3-AT was
determined. DB-pRB is unable to repress transcription in the
absence of Rpd3p showing a genetic requirement for this histone
deacetylase (Fig. 3A). In contrast, another histone deacetylase,
HDA1, that is less related to HDAC1–3 is not required for
repression by DB-pRB. Furthermore, yeast cells expressing
mutant alleles of RPD3 that specifically lack deacetylase activity
are unable to support pRB-mediated repression (Fig. 3D). One
trivial explanation for the lack of repression by DB-pRB in the
absence of RPD3 is that the fusion protein is destabilized. To rule
out this possibility, we performed Western blot analysis to
determine DB-pRB levels in different strain backgrounds. We
found that DB-pRB steady-state levels remained constant in
wild-type, Drpd3, and Dsin3 strains (Fig. 3C). In addition, we
found that DB fusions to other HDAC-independent transcrip-
tional repressors retained the ability to repress transcription in
the absence of Rpd3p, indicating that DB access to the
GAL1::HIS3 reporter is not significantly affected in the Drpd3
background (data not shown). Finally, we tested repression of
the GAL1::lacZ reporter by DB-pRB in the Drpd3 background.
In accord with results generated on the GAL1::HIS3 reporter,
DB-pRBD300 does not reduce lacZ expression in the absence of
Rpd3p (see Fig. 4B). This result establishes that deacetylase
activity is required for transcriptional repression by pRB in yeast.

These findings suggest that the SP of pRB contains another
domain independent of the LXCXE-binding cleft that can serve
as an interaction surface for histone deacetylases. To test this
possibility directly, we expressed RB9SP, which contains the SP
of pRB and mutations that abolish LXCXE binding identical to
those used in RB9LP (18), as well as HDAC1 in SAOS-2 human
osteosarcoma cells, and assayed binding by coimmunoprecipi-
tation. We found that this mutant version of pRBSP retains the
ability to interact with HDAC1 in mammalian cells at levels
comparable to that of the pRB wild-type small pocket (Fig. 2B).

To test whether other protein components of the deacetylase
complex are required for transcriptional repression by DB-pRB
in yeast, strains were generated with deletions of the genes
encoding Rpd3p (HDAC)-associated proteins including Sin3p,
Sap30p, and the RbAp48-related proteins Msi1p and Ume1py
Wtm3p (42). We found that only MSI1 (RbAp48) is required for
repression by DB-pRB (Fig. 3A). DB-pRB protein levels are
similar in both wild-type and Dmsi1 (RbAp48) strain back-
grounds (data not shown). Mammalian RbAp48 has been iden-
tified as a component of the HDAC complex (43), although the
link between MSI1 and RPD3 in yeast has not been confirmed.
Moreover, Msi1p has been shown to be a stoichiometric com-
ponent of the yeast chromatin assembly factor complex (CAC;
ref. 30). Therefore, it was possible that loss of CAC function
might abrogate pRB-mediated repression, suggesting a non-
deacetylase-mediated mechanism to explain the observation
that Dmsi1 (RbAp48) strains are refractory to pRB-mediated
repression. To test this possibility, we deleted CAC2, a gene
encoding another component of the chromatin assembly com-
plex. DB-pRB represses transcription in the Dcac2 strain back-
ground (Fig. 3B), linking Msi1p (RbAp48) more closely to
Rpd3p-mediated histone deacetylation. In addition to RPD3,
MSI1 is required for repression by other pRB family members
(data not shown). Other components thought to be important for
HDAC-dependent repression such as Sin3p, Ume1pyWtm3p,
and Sap30p are dispensable in the DB-pRB repression assay

Fig. 2. A pRB LXCXE-binding cleft mutant represses transcription in yeast. (A)
For each strain, the pRB allele listed was fused to Gal4DB on an ARS-CEN vector
and transformed into wild-type yeast. The ability of each pRB allele to repress
transcription was determined by growth on SD, 2His, 10 mM 3-AT plates after
5 days. (B) pRB9SP (pRB9 Small Pocket) interacts with HDAC1 in mammalian
cells. HDAC1-flag was cotransfected with either pRBSP or pRB9SP in C33A cells.
Western blots reflect protein expression levels (Left). Immunoprecipitations
with antibodies to pRB are shown (Right). * marks a nonspecific band.
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(Fig. 3A). However, as shown below, many components are
involved in the activity of other HDAC-dependent repressors.

The fact that MSI1 but not SIN3 or another RbAp48-related
gene, UME1, is required for DB-pRB transcriptional repression
suggests that those potential recruitment factors might display
specificity for different HDAC-repressed genes in vivo. To test
this notion, we analyzed the requirement of Msi1p for the activity
of Ume6p, a yeast transcriptional repressor of meiotic genes (44)
that physically interacts with and functionally requires Sin3p
(34). We analyzed Ume6p repression by using another reporter
gene, SPAL10::URA3, which contains Ume6p-binding sites (29)
(see Fig. 5A, which is published as supplemental data on the
PNAS web site, www.pnas.org). Levels of expression of
SPAL10::URA3 inversely correlate with the levels of resistance
to the drug 5-fluoroorotic acid (5-FOA) (45). Thus, the UME6
wild-type MaV103 strain is resistant to 0.2% 5-FOA, whereas the
Dume6 derivative is sensitive. Strains bearing deletions in genes
encoding HDAC components were plated on 5-FOA-containing
media and assayed for growth (Fig. 5B, which is published as
supplemental data). In agreement with previous reports, we find
that RPD3 and SIN3 are required for Ume6-mediated repression
(34). However, unlike for DB-pRB, Ume6p-mediated repression
does not depend on MSI1 (RbAp48), but instead requires the
family member UME1, as reported (42). These findings suggest
that components of the histone deacetylase complex are specif-
ically used in a repressor-dependent manner.

To make a more direct comparison of the requirements of
pRB repression, we created DB fusions to Mad (DB-Mad) and
PML (DB-PML), two mammalian proteins shown to recruit
histone deacetylase (46–48), and tested their ability to repress
the GAL1::HIS3 reporter gene. For DB-Mad, we find that RPD3,
SIN3, and MSI1 (RbAp48) are required for transcriptional
repression (Fig. 4A). These observations are in agreement with
those reported for mammalian cells in which Mad physically
interacts with SIN3A (46). In the case of PML, RPD3, but not
SIN3, is required for repression. Neither of these two repressors
is functionally impaired by deletion of another yeast, deacetylase
HDA1. In addition, we tested repression of the lacZ reporter
gene by DB-Mad, DB-PML, and DB-pRB. All three repressors
reduce the levels of b-galactosidase in the wild-type background
and fail to function in the absence of RPD3 (Fig. 4B). Deletion
of MSI1 (RbAp48) abrogates repression by DB-pRB and DB-
Mad, but affects DB-PML to a lesser extent. Together, this set
of experiments demonstrates that histone deacetylase compo-
nents such as Sin3p and Msi1p (RbAp48) are differentially
required for repressor-mediated recruitment of histone deacety-
lase. This finding substantiates the notion that, in mammalian
cells, SIN3 functions in the recruitment process specifically for
a subset of repressors. In addition, these findings are consistent
with RbAp48 acting as a bridging factor between pRB and
HDAC.

We imagine two possibilities to explain the importance of
MSI1 (RbAp48) for pRB-dependent repression. Either Msi1p

Fig. 3. Histone deacetylase components required for transcriptional repression by pRB. (A) pRB-mediated repression in strains lacking deacetylase components.
Either Gal4DB- or DB-pRB-expressing ARS-CEN vectors were transformed into strains deleted for components important for RPD3-dependent histone
deacetylase; repression was determined by growth on SD, 2His, 10 mM 3-AT plates after 5 days. White lines through plates are drawn for convenience. For each
image, eight strains were from the same plate and were photographed at the same time. (B) MSI1yCAC3, but not CAC2, is required for repression by DB-pRB.
Plates were treated exactly as described in A. (C) DB-pRB protein levels are unaltered in the Drpd3 and Dsin3 strain backgrounds. Extracts loaded in each lane
were equilibrated for total protein concentration. (D) A Drpd3 strain was transformed with either DB or DB-pRB. Representative transformants were then
transformed with vector, wild-type RPD3, or mutant alleles of RPD3 that specifically lack deacetylase activity. The SD, 2His, 10 mM 3-AT plate was photographed
after 5 days growth.
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acts as a bridging or specificity factor important for linking pRB
to Rpd3p, or MSI1 is important for the enzymatic activity of
Rpd3p on histones, a function proposed for RbAp48 (49, 50).
Given that MSI1 is not required for repression by Ume6p, the
latter possibility cannot be strictly true. However, because
Ume6p-dependent repression does require another RbAp48-
related protein Ume1p, it may be that Rpd3p requires a
RbAp48-like factor to access histones. To examine these possi-
bilities, we fused Rpd3p to DB (DB-Rpd3p) and tested the
transcriptional repression of GAL1::HIS3 mediated by this fu-
sion protein. A similar fusion has been shown to confer repres-
sion in yeast in a manner independent of SIN3, but other
proposed deacetylase subunits have not been examined (34). In
this situation, all proteins that function solely to recruit Rpd3p
should be dispensable, but proteins important for histone
deacetylation should be required. We transformed the DB-
Rpd3p-encoding construct into the previously tested deletion
backgrounds and determined growth capacity in the presence of
10 mM 3-AT (Fig. 4C). Deletions strains expressing on Gal4DB
have similar growth rates under these conditions (Fig. 2 A; data
not shown). We find that DB-Rpd3p represses transcription of
GAL1::HIS3, and that this repression is not impaired in strains
lacking SIN3, MSI1, UME1, or any of the other components
reported to be involved in histone deacetylation. We also
examined repression by DB-Rpd3p in quantitative assays and
found similar results (Fig. 4D). Moreover, in this assay, we
examined repression by DB-Rpd3p in a Dmsi1, Dume1 double-
mutant strain. Even in this background, DB-Rpd3p was active in
repression to a level similar to that seen in the wild-type setting.
This finding calls into question the hypothesis that RbAp48

function is generally important for HDAC-mediated deacetyla-
tion of histones. However, we cannot rule out this possibility,
because there are two other gene products, Wtm1p and Wtm2p,
that are structurally related to Ume1p and may participate in
Ume6-dependent repression, albeit to a lesser extent than
Ume1p (42). It may be that these proteins can provide the
RbAp48 function for DB-Rpd3p in the absence of MSI1 and
UME1. Nevertheless, the finding that MSI1 is specifically re-
quired for repression by DB-pRB and not DB-Rpd3p indicates
that RbAp48 plays a more direct role in the recruitment of
HDAC by the pRB family of proteins.

There have been several models proposed to explain the
mechanism by which pRB recruits class I histone deacetylases to
target promoters. Originally, it was reported that pRB could bind
directly to HDAC1 (8). In vitro experiments demonstrated that
HDAC1 bound to pRB in a manner dependent on its IXCXE
motif, which closely resembles the LXCXE motif present in
many pRB-binding proteins. Moreover, it was reported recently
that RbAp48 is important for pRB-dependent repression,
and that its interaction with pRB depended on HDAC1 or
another LXCXE-containing protein as a linking factor (51). This
model cannot entirely explain the pRByHDACyRbAp48 inter-
actions for two reasons. First, pRB interacts with HDAC1,
HDAC2, and HDAC3, yet only HDAC1 and HDAC2 have the
IXCXE motif (9). Therefore, the interaction with HDAC3 must
occur by a different mechanism. Second, dramatic mutation of
the LXCXE-binding cleft in pRB does not significantly reduce
the level of HDAC1 association (18). In another report, RBP1,
an LXCXE-containing protein known to interact with pRB, is
proposed to be a linking factor between pRB and HDAC1 (9).

Fig. 4. The role of RbAp48 orthologs in RPD3-dependent transcriptional repression. (A) Repression by Mad or PML in strains lacking deacetylase components.
Strains were transformed constructs expressing the GAL4 DB fused to either full-length human Mad or PML, and repression was assayed by determining growth
after 5 days on SD, 2His, 10 mM 3-AT media. (B) Quantitation of repression by pRB, Mad, and PML in Dmsi1 and Drpd3 strains. This experiment was performed
exactly as described in Fig. 1D. (C) Strains bearing deletions in deacetylase components were transformed with either vector or a construct expressing GAL4DB
fused to full-length yeast RPD3; repression was assayed after 5 days on SD, 2His, 10 mM 3-AT media. A representative plate is imaged. This experiment was
performed several times. (D) Quantitation of repression by DB-Rpd3p in strains lacking RbAp48 orthologs. Experiment was performed as in Fig. 1D.
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Recent findings by Lai et al. (15) indicate that RBP1 is a bona
fide member of the mSIN3A complex and recruits the complex
to pRB-bound promoters. However, their results also indicate
that there may be other mechanisms in addition to RBP1
through which HDAC is recruited.

In yeast, none of these proposed mechanisms are likely to
explain recruitment of Rpd3p to reporters by pRB. Rpd3p does
not have any sequences resembling an LXCXE motif, and there
are no proteins that bear similarity to RBP1. We propose that
Msi1p (RbAp48) can serve as a bridging protein that promotes
the pRByRpd3p interaction. This proposal is based on the
observation that apart from Rpd3p, Msi1p (RbAp48) is the only
known HDAC-associated protein that is required for repression
by pRB. Moreover, Msi1p is not required when Rpd3p is directly
targeted to reporters by means of fusion to Gal4DB. Therefore,

Msi1p mediates recruitment of Rpd3p rather than its enzymatic
activity. Finally, our experiments demonstrate that the LXCXE-
binding cleft on pRB is not essential for repression by pRB,
indicating that there must be another contact site for histone
deacetylase within the small pocket. From these findings, we
suggest that in mammalian cells, pRB may contact the Sin3
complex through two independent mechanisms, one that is
LXCXE-dependent and one that is not. Such a dual recruitment
mechanism would be likely to confer stronger contacts with the
corepressor complex.
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